This study was conducted to evaluate the effect of selection on the productive performance of local chicken line, Giza M-2 line, after 5 generations of selection for increasing 6-week live body weight (LBW). The performance of Giza M-2 and Random Bred Control (RBC) lines; LBW, LBW at sexual maturity (BWSM), egg number (EN), egg weight (EW), and first egg weight (FEW) were evaluated at the 3 rd (G3), 4 th (G4), and 5 th (G5) generations. The Random Bred Control line (RBC) was used as a control group. The results could be summarized as follow: There was significant improvement in 6-week LBW for Giza M-2 line from one generation to the next. The difference between Giza M-2 line and RBC line was 358 g after five generations of selection for increasing 6-week LBW. Also, females of Giza M-2 line had significantly higher BMSW, EN, EW, and FEW with comparison to the RBC line for all generations. In conclusion, there was positive response in LBW and egg productive performance in Giza M-2 line associated with our breeding program. Also, selection in Giza M-2 line may had large impact on frequency of genes controlling economically important traits, such as LBW and reproduction. In Giza M-2 line, future generations, to achieve proper meat production, we will focus on genetic selection of traits relevant to modern broiler breeding.
INTRODUCTION
The consumption of poultry meat around the world is constantly increasing by the universal demand, because of its nutritional and dietary properties, diversity and ease of preparation, and low price (Petracci and Cavani, 2012) . In addition, universal poultry meat consumption and production are expected to increase by 1.8 % per year from 2007 to 2050 (FAO, 2015) . Thus, enhancing production levels and produce birds with higher feed efficiency and growth rates will be an efficient tools to meet this increased in demand poultry meat demand. Intensive genetic selection has been the method to improve economically traits in poultry production (Alnahhas et al., 2016) . Stainton et al. (2017) stated that the development of broiler chickens over the last 70 years has been accompanied by large phenotypic changes In addition, poultry breeding companies have used quantitative selection practices to improve productive performance the poultry industry today (Hunton, 2006) . In broiler breeding program, mainline pedigree broiler populations, categorized into male and female lines, undergo continuous genetic selection to achieve higher improvements in the major economic traits. For the male lines, these traits include body weight, body conformation, growth rate, fitness, edible meat yield, and feed conversion ratio. These major traits were improved by positive selection. That is regenerated from the best families while the minor traits, such as fertility, hatchability, and livability, are impacted by eliminating the few worst families (Pollock, 1999; Muir et al., 2008) . In modern poultry industry, the live body weight (LBW) and carcass traits are under intensive selection for more than half a century which are very important economic traits in broiler breeding programs (Baéza et al., 2012) . In addition, Egg production is also an important economic trait for broiler breeder lines (Luo et al., 2007) . Moreover, Commercial broiler breeds are derived from crosses and highly selected of various strains at the primary breeder level (Wolanski et al., 2006) . Thus, a balance of features related to growth and reproduction must be considered when developing and maintaining commercial strains of broilers from great-grandparent lines which can influence the genetic makeup of the birds (Decuypere et al., 2003) . Also, Selection for increased LBW is known to be negatively associated with the onset of sexual maturity, fertility, and egg production (Siegel and Dunnington, 1985) . However, broiler breeder lines growth rate and egg production have moderate heritability values and will show more response to selection (Chambers, 1990) . Selection for increased 6-week LBW was carried on Giza M-2 line for five generations. The objectives of the current study were to evaluate the effect of selection on the productive performance of local chicken line, Giza M-2, during generation 3 rd (G3), 4 th (G4), and 5 th (G5) generation of selection.
MATERIALS AND METHODS 1. History of Giza M-2 line as a broiler breeder male line A selection improvement program was started at the Poultry Farm, Animal Production Department, Faculty of Agriculture, Cairo University, Giza, Egypt, to develop Giza M-2 line as a local broiler male line. Fifteen rosters from Pureline grandparent male line males were crossed with 150 females from the native Egyptian chickens breed, Native White Baladi, to produce the base generation of the Giza M-2 line. The produced cross was reared until maturity and housed in individual cages. One hundred males and One hundred females were selected at random from the base generation and were mated at a ratio of one male to every 10 females. This was done by using artificial insemination to obtain pedigreed fertile eggs. Fertile eggs were collected for 15 days and hatched to produce the F1 selected Giza M-2 line. Also, fertile eggs were collected again for 15 days, from the Random Bred Control line, RBC line. This line was formed by crossing Arbor Acres (AA) grandparent female line males, with the native Egyptian White Baladi females reared with random mating without any breeding program for more than 13 generation as Random Bred Control line, RBC line, for chicken lines associated with meat production (Nassar et al., 2012) . All produced chicks were wing banded to keep their pedigree. Both lines were reproduced by using an out breeding program, with no full or half sibs mating allowed. For all the selected generations of Giza M-2 line, phenotypic selection was used to identify the best broiler breeders to produce the next generation. The highest 6-week LBW males and females were selected as parents for the next generation in Giza M-2 line. Giza M-2 as local chicken line is the first Egyptian male line specialized in meat production. Giza M-2 line has a round, massive body shape. The tail feathers and saddle region in the males are rich. The females lay white to creamy shell color eggs. Both males and females have mostly white feathers, red single combs with long wattles, red earlobe color, yellow skin, and yellow shank colors.
Experimental populations and management
In this study, Giza M-2 line selected males and females, from the second selected generation, were mated to produce the third generation (G3). Also, males and females from the second generation RBC line were mated to produce the RBC chicks. Giza M-2 and the RBC pedigreed chicks' were sexed at hatch, using the vent method. All chicks were reared intermingled, 10 birds/m 2 , in an open house, deep litter system, until 18 weeks of age. Pullets were then moved to individual laying cages at 18 weeks of age until 36 weeks of age. This procedure was repeated for all the successive generations of selection in generations four (G4), and five (G5) presented in our study. Birds were provided with a commercial broiler starter (23% CP and 3,050 kcal ME/kg) and a broiler grower (21% CP and 3,100 kcal ME/kg) diets from 1 to 14 days and from 15 days to 6 weeks of age respectively. Also, birds were provided with a commercial pullet grower (16.5% CP and 2780 ME/kg) and a commercial breeder production (17 %CP and 2800 ME/kg) diets from 7 to 19 weeks and from 20 to 36 weeks of age respectively. Water and feed were provided ad libitum from hatch until 6 weeks of age, thereafter, feed allocations were only used to maintain target body weight profiles from 6 until 18 weeks of age. Restricted birds received approximately 110 g/d from 6 to 18 weeks of age and received approximately 160 g/d from 18 to 36 weeks of age. The photoperiod was 24L:0D for the first 6 weeks and 16L: 8D from 18 to 36 weeks of age. Chicks were vaccinated against Newcastle disease at 7 days (eye drop, Hitchner, Nobilis 
Experimental measurements
In all generations, live body weights (LBW) at hatch, 14, 28, 42 days were obtained individually by using a digital scale from the Giza M-2 and the RBC lines. Also, age at sexual maturity (ASM), body weight at sexual maturity (BWSM), average egg weight (EW), egg numbers (EN), and first egg weight (FEW) were recorded for each female in Giza M-2 and the RBC lines during the first 36 weeks of age.
Statistical analysis
Data were analyzed as a two-way analysis of variance using the SAS software, general linear model (SAS Institute, 2008 (Duncan's, 1955) . Significance level was set at 5%.
RESULTS AND DISCUSSION 1-Giza B-1line live body weight from hatch until 42 days 2-For all generations, Giza M-2 line had significantly higher LBW at hatch, 14, 28, and 42 days of age in comparison to the RBC line as mixed sex. The average LBW of Giza M-2 and RBC lines by generation at 6 weeks of age were 862 g vs. 550 g (G3), and 983 g vs. 625 g (G5), respectively, with significant differences for both lines (Table 1) . 3-Many approaches could be used to improve chicken lines for meat production; Chambers et al. (1981) reported on the efficiency of selection to improve broiler LBW. The difference between, two lines selected divergently for 7-week LBW, was approximately 800 g after ten generations of selection (Dunnington and Siegel, 1995) . In our results the differences between Giza M-2 and RBC lines were 358 g after five generations of selection for high LBW at 6 weeks LBW. Siegel (1978) Pollock (1999) demonstrated that, after 9 years of selection in chicken, broiler growth rate increased from 39 g to 44 g per day. However, in our study, and after 5 generations of selection, the daily growth, of Giza M-2 line, was about 22 g per day. This was in contrast to the RBC which was less than 14 g per day. This is an improvement of 8 g per day or about 57% over the RBC line (Table 1) . Schmidt et al. (2006) stated that, the LBW at 6 weeks of age for three broiler male lines (PP, VV and KK) which have been selected for meat production was 1906 g, 1950 g, and 1989 g, respectively, in comparison to 1402 g for the control line after 15 generations of selection. In our study, Giza M-2 and the RBC lines weighted 983 g and 625 g LBW at 6 weeks of age after 5 generations of selection (Table 1) . Our results indicated that for all generation, at all ages, Giza M-2 males had significantly higher LBW in comparison to the RBC line males (Table  2 ). In addition, Giza M-2 males had significantly (P≤0.05) higher LBW in comparison to the RBC males at hatch, 14 days, 28 days, and 42 days of age ( Table  2 ). The average LBW of Giza M-2 males and RBC males lines, by generation, at 6 weeks of age were 888 g vs. 562 g (G3), 957 g vs. 599 (G4), 1019 g vs. 630 g (G5) respectively. Our results indicated that, for all generation, at all ages, Giza M-2 females had significantly higher LBW in comparison to the RBC line females (Table 3) .Giza M-2 females had significantly (P≤0.05) higher LBW in comparison to the RBC females at hatch, 14 days, 28 days, and 42 days of age (Table 3 ). The average LBW of Giza M-2 females and RBC females lines by generation at 6 weeks of age were 820 g vs. 537 g (G3), 876 g vs. 533 g (G4), and 924 g vs. 619. g (G5), respectively. Growth rate, yield, feed conversion ratio, and egg production of broiler breeder lines have moderate heritability values (20 to 40%) and showed more response to selection (Chambers, 1990) . Also, Pakdel et al. (2005) stated that, divergent selection for LBW, the selection response for LBW of 130 g was observed. In this study, selection response in Giza M-2 line at 6 weeks LBW during the last four generation of selection, were 312 g, 333 g, and 358 g, as combined sex, respectively (Table. 1) . Mignon-Grasteau et al. (2000) stated that, the increase in sexual dimorphism, in LBW could be reduced by selecting animals based on LBW, as is usually done in commercial broiler lines. Giza M-2 females weighted, on the average, about 91% of their males' counterparts at 6 weeks of age. However, the RBC females weighted, on the average, about 99 % of their males' counterparts. This would indicate that selection for increased 6-week LBW increased the sexual dimorphism by almost 7 % (Table 4 ). The percentage of the difference between the selected Giza M-2 line and the RBC line increased by the progress of selection (Table 4) . These results disagree with the results previously reported by MignonGrasteau et al. (2000) . Schmidt et al. (2006) reported that selection for increased LBW in broiler breeders includes maternal effects which have positive association with the LBW of its progenies after hatch. In addition, Peeters et al. (2012) stated that individuals can affect one another's phenotype. The heritable effect of an individual on the phenotype of a conspecific individual is known as an indirect genetic effect (IGE). The IGEs can have a substantial impact on heritable variation and response to selection. Thus, for the IGEs, it mattered which pedigree line provided the sire and which provided the dam. They stated that indirect parent-of-origin effect appeared to be paternally transmitted and are probably Z chromosome linked. Our data indicated that, Giza M-2 line had significant increases in its LBW for all ages studied, from one generation to the next, in comparison to the RBC line. This is due to selection for increased LBW at 6 weeks of age in Giza M-2 line from one generation to the next. These results are in agreement with the results previously reported by Schmidt et al. (2006) . These results are also in agreement with the results previously reported by Peeters et al. (2012) . Tixier-Boichard et al. (2012) stated that continuous intensive selection, with focus on minimal marketable age, causes rapid progress, with mass selection, for a trait with moderately high heritability, based on early measurement of LBW in both sexes. Also, Rovadoscki et al. (2016) stated that genetic gain for body weight can be achieved by selection. Also, selection for body weight at 42 days of age can be maintained as a selection criterion. Continuous intensive selection with focus on 6-week LBW in Giza M-2 line that can be measured in both sexes before sexual maturity, resulted in increased LBW at 6 weeks of age, from generation to the next. These results are in agreement with those of Tixier-Boichard et al. (2012) and Rovadoscki et al. (2016) . 2. Correlated response: age and body weight at sexual maturity The relationship between LBW and reproduction is not a simple one in restricted-fed broiler breeder females because body composition plays a major role in the sexual maturation process (Bornstein et al., 1984) . However, it is often assumed that high uniformity causes a reduction of variability in ASM and EW because LBW is considered a major determinant of both of those variables (Hocking, 2004) . Maintaining a high LBW uniformity is a major objective during the rearing period in broiler breeder pullets to achieve optimum reproductive performance (Hocking, 2004) . Our results indicated that, Giza M-2 line had significantly higher body weight at sexual maturity (BWSM) for the last three generations in comparison to those of the RBC line (Table 5 ). This may be due to the selection for high LBW at 6 weeks of age in Giza M-2 line. A major objective of the genetic selection in Giza M-2 line has been to increase LBW at earlier ages and this strategy has changed LBW at different points along the growth curve that includes BWSM. On the other hand, Giza M-2 line had significantly higher ASM in comparison to the RBC line in G3, G4, and G5. Also, Our results indicated that, increasing 6-week LBW in the female of Giza M-2line from one generation to the next, due to selection for high 6-week LBW resulted in an association increase in BWSM which led to an increase in the ASM of Giza M-2 line. In addition, there was an increase in ASM of Giza M-2 line by one day from one generation to the next. These results are in agreement with the results previously reported by Spies et al. (2000) and Renema et al. (2007) .
Egg number and egg weight
Genetic selection for growth and breast meat yield has resulted in the development of different commercial crosses designed to cover the various needs of the poultry markets. Because LBW and reproduction are negatively correlated, maximizing egg production while selecting for higher juvenile LBW becomes more complex with each generation of selection for growth and yield (Melnychuk et al., 2004; Luo et al., 2007) . Our results indicated that, Giza M-2 line had significantly (P≤0.05) higher EN, FEW, and EW in comparison to the RBC line (Table 5 ). The EN of Giza M-2 and RBC lines for the first 36 weeks of age are presented in Table ( 5). The increase in EN, for Giza M-2 line, is due to our selection to increase EN (through independent culling level) in Giza M-2 line in all generations. In addition, Giza M-2 had significantly higher FEW in comparison to the RBC line (Table 5) . Also, Giza M-2 line had higher EW during the first 36 weeks of age in comparison to the RBC line (Table 5) . Anthony et al. (1991) reported that a major objective of genetic selection, in commercial meat strains of poultry, has been to increase LBW at earlier ages and this strategy has changed LBW at different points along the growth curve. In addition, Romero et al. (2009) stated that genetic selection schemes used to change an animal's pattern of growth results in both short-term and long-term effects on other traits. These traits include organ and muscle accretion patterns, the onset of sexual maturity, and overall reproductive efficiency. Our results indicated that genetic selection, in Giza M-2 line, changed the growth pattern and other traits such as LBW at hatch, 2, 4, and 6 weeks of age. It also affected the overall reproductive efficiency including FEW, EW, and EN in Giza M-2 line. These results are in agreement with the results previously reported by Anthony et al. (1991) and Romero et al. (2009) . Many studies had indicated that EW is usually positively correlated with hen weight (Spies et al., 2000; Renema et al., 2007; Romero et al., 2009 ). Since Giza M-2 line is heavier LBW than the RBC in all generation, it also showed heavier FEW and EW during the first 36 weeks of age in the last three generation of selection. The differences in EW between Giza M-2 and the RBC lines was 3 g (G3) vs. 4 g (G5). Also, the differences in FEW between Giza M-2 and the RBC lines were 6 g (G3) vs. 7 g (G5). These results are in agreement with the results previously reported by Spies et al., (2000) , Renema et al., (2007) , and Romero et al., (2009) . CONCLUSION Selection in broiler breeding has large impact on frequency of genes controlling economically important traits, such as weight gain, muscle mass, feed efficiency and reproduction (Fu et al., 2016) . Giza M-2 line was superior in body weight during the G3, G4, and G5 in comparison to the RBC line. Moreover, selection for LBW has contributed to the increases in productivity and efficiency obtained in this study. However, this improvement has negative effects on reproductive performance in the Giza M-2 line. If these improvements, in body weight, of the Giza M-2 line will continue at the same rate, we can expect that after several generations of selection, Giza M-2 line will be a local line with very good performance for meat production. In Giza M-2 line, future generations, to achieve proper meat production, we will focus on genetic selection of traits relevant to modern broiler breeding.
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Table (1): Live body weight (g) (LSM ± SE) at different ages, from generation 3 (G3) to generation 5 (G5) for both Giza M-2 and the RBC lines, as a straight run Table (4): Sexual dimorphism of Giza M-2 and the RBC lines from generation 3 (G3) to generation 5 (G5) 
